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 BIPM website on the KCDB database has no results
about road surface intercomparison.

Intercomparison

* One was about luminance coefficient evaluation
o A

We need intercomparison to test PR
=7 0Es POIDS ET Megy,, €69

* How much the measurements 3l =
are comparable

e Traceability chain

* Better understand device
performances

 To compare each others

* To test uncertainty statements



Intercomparison and uncertainty

Uncertainty: is a measure of the quality of measurement
results

No measurement is exact, even if the quantity were
measured several time providing the same value is not a
proof of the exact value but means only that the measuring
system has not a sufficient resolution to distinguish
between the different values of the quantity

Measurement uncertainty is not a concept equivalent to
error: all measurements results are affected by errors.
Sources of errors can be identified then quantified and
corrected, depending on time and resources available



Intercomparison and uncertainty

The definition of measurement uncertainty is a
requirement stated in several documents (European

standard incl)
Intercomparison is a way to check uncertainty reliability

VIM JCGM 200
GUM JCGM 100
https://www.bipm.org/en/publications/guides/



Definitions, concepts, metrological terms*

Set of operations having Magnitude of a particular quantity expressed as a
the object of determining unit of measurement multiplied by a number.
a value of a quantity. EXAMPLE: r value of road 824 sr-

® of the

e objective of ameasuremenbdis to determine thé

d) that is, the value of the particular to be measured.
rement ther ' ith an appropriate specificati
easurand, tkke_method of measuremen?® and th&Zmeasurement procedur

Particular quantity subject to Logical sequence of operations, described
measurement. generically, used in the performafice of
EXAMPLE: Luminance measurements.

coefficient (q) of road surface

Set of operations, described specifically,
used in the performance of particular

* From the International vocabulary of measurements according to a given
basic and general terms in metrology method.
(VIM)




v

value attributed to a measurand, obtained by
measurement

NOTE 2 A complete statement of the result of a
measurement includes information about the uncertainty of
measurement.

B.2.18

A\

@:E@(Of measurement)
par er, associated with the result of a
measurement, that characterizes the dispersion

of the values that could reasonably be attributed
to the measurand.

It is an estimate
of the value of
the measurand.

It indicates the
degree of reliability
in the result.
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of measuremen
closeness of the agreement between the result of a
measurement and a true value of thexmeasurand

NOTE 2 The term precision should not be usegfor
“accuracy’.

2.15 [JCGM 200:2012, International voca of Metrology — Basic
and general concepts and associated te
measuremen{p
closeness of agreement between indications or
measured quantity values obtained by replicate
measurements on the same or similar objects under
specified conditions

i\-l.OTE 2 The ‘specified conditions’ can be, for example,
repeatability conditions of measurement, ... or
reproducibility conditions of measurement ...




SURFACE Intercomparison tasks

* To check metrological capability
— Measurement methods
— Uncertainty evaluation

 RM suitability
* Check expected uncertainty
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Uncertainty evaluation

Measurement uncertainty could be described as composed
by two contributions:

* the measurement system metrological characteristics
and measurement procedures,

* the influence of the measured specimen characteristics

JCGM guide is a powerful document but its application is
considered very difficult for every day work, especially if
considering industrial photometric measurements



Measurement methods
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* Absolute e ——

* Relative gr = qr ot X




SURFACE Intercomparison tasks

4.-QUANTITIES-TO-MEASURE

¢ - Reduced-luminance-coefficient
e — QO0-and-S1-values

Before: performing:- the: measurements: please: read: carefully: these- instructions- and- the
questionnaire to-be-filled,-enclosed-in-the-pack.

At-least-three-‘measurements-of-each-artefact-and -for-each-measuring:geometry-must-be-carried
out,-which-means-taking-out-the-reference-material-before the-next-measurement.

The-reduced- luminance: coefficient- and- Q0- and- S1- values- of - the- artefacts: must- be- measured
following-the-measuring-procedure-of-each-laboratory-for.the-given-observation-angle.




Measured values: r table

CIE 144:2001

ANNEX B - STANDARD REFLECTION TABLES
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SURFACE Intercomparison tasks

4.-QUANTITIES-TO-MEASURE

¢ - Reduced-luminance-coefficient
e — QO0-and-S1-values

Before: performing:- the: measurements: please: read: carefully: these- instructions- and- the
questionnaire to-be-filled,-enclosed-in-the-pack.

At-least-three-‘measurements-of-each-artefact-and -for-each-measuring:geometry-must-be-carried
out,-which-means-taking-out-the-reference-material-before the-next-measurement.

The-reduced- luminance: coefficient- and- Q0- and- S1- values- of - the- artefacts: must- be- measured
following-the-measuring-procedure-of-each-laboratory-for.the-given-observation-angle.




Table-2:-Directions-in-which-the-measured-values-will-be-compared

Lighting-Angles

Observation-angle

tan e gl°

pr°

Additional B/

0

45

63.43

76

80.5

82.9

RPlo|loa|d|N(R|O

15

ajo

30

Table-3:-Additional-observation-angles

Additional Observation-angles-a

2.29°

10°

20°




Measured values: r table

CIE 144:2001

ANNEX B - STANDARD REFLECTION TABLES

Table C1
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Measurand




SURFACE Intercomparison tasks

Fi









VALUES

4.-QUANTITIES-TO-MEASURE

¢ - Reduced-luminance-coefficient
e — QO0-and-S1-values

Before: performing:- the: measurements: please: read: carefully: these- instructions- and- the
questionnaire-to-befilled,-enclosed-in-the-pack.

At-least-three-‘measurements-of-each-artefact-and -for-each-measuring:geometry-must-be-carried
out,-which-means-taking-out-the-reference-material-before the-next-measurement.

The-reduced- luminance: coefficient- and- Q0- and-S1- values- of - the- artefacts: must- be- measured
following-the-measuring-procedure-of-each-laboratory-for.the-given-observation-angle.




Participants

3 consortium members
2 stakeholders

4 laboratory goniometers
« 1872 (1) 4 portable devices

- R345 (1)

 A109 (1)

« H118(1; 2,29)
 E155(1;2,29; 10)

e M762(1; 2,29; 10; 20)
* F563(1;2,29; 10; 20)
 (C123(1;2,29; 10; 20)



Discrepancies approach

Approach 1 Approach 2

e Definition of a KCRV * Check all values
— Artimetic mean

* Definition of uncertainty e Use the expected uncertainty
— Of KCRV

— Of ILC participants
— By own procedure
— By LUMCORUN

e Qutliers



Approach 2: 1° observation Integral Values

* Expected relative uncertainty 2%- 10%
Sample DG210

160
. 13138
10
10
(F)
0w o 05 om on om0
QO value S1value

EN%4 D761 WH42T HWOS0 WS902 WGA0 WREF WB3 WPIL6



DIFFUSE BLACK FLAT DKOOO

Sample DKOOO

3,50

3,00

2,50

2,00

1,50

1,00

0,50

-’ 0,02 ’I =
0,00
QO value S1 value

MN9%4 mWD761 WH4A27 mW980 mMS902 WGA20 WMREF MB863 MP116 10%



DIFFUSE GREY FLAT DG 000
Sample DGOOO

3,50
3,00
2,50
2,00
1,50
1,00

0,50

0,14 012 012 014 433 012

0,00

QO value S1 value

EmN9%4 mD761 mH427 W980 mS902 mG420 mREF mB863 mP116

5%



DIFFUSE BLACK LOW HEIGHT DK210

Sample DK210

2,00

003 591 002 002 004 003 003 002 003
0,00 el . e = St

QO value S1 value

mN9%4 mD761 mS351 P811 mT031 mWI112 mREF mB83 mPll6

10%



DIFFUSE GREY LOW HEIGHT DG210

Sample DG210

1,60
1,40
1,20
1,00
0,80

0,60

0,40

0,20

0,04 003 004 005 004 004 003 003

- 0,02 o
0,00

QO value S1 value

EMN9%4 mMD761 mH427 W980 mS902 mG420 WREF mMB863 MPI1l6

10%



DIFFUSE GREY HIGH HEIGHT DG110

1,40

1,20

1,00

0,80

0,60

0,40

0,20

0,00

0,04 0,03 0,03

[

0,04

QO value

Sample DG110

0,03 0,03 0,03

mN964 mD761 mH427

W980

mS902 mG420 mREF mB863 mP116

S1 value



S enavoz ]

Approach 2: 1° observation r values

* Expected relative uncertainty 2%- 10%
Sample DG210

DG110

13 138

10

DK210

020

DG210

004 0,05
o0 003 004 004004 003 003

Q0 value S1value

EN%4 D761 WH42T HWOS0 WS902 WGA0 WREF WB3 WPIL6



Instrument aperture effect

Luminaire

Road surface normal

Observed
point

Projected point under
light source

Observer

photometer [llumination




Instrument aperture effect

[llumination [Ilumination

Detection Detection

Figure 1. A schematic of the geometrical effects with left) apertures of the illumination Ag with coordinate system(xs, ys), of the detection Apwith
coordinate system(xp,yp) and of the effective illuminated area Ar with coordinate system(xg,yg); right) the nominal angles (g, &y) of the
detector and (g, &¢) of the source.

Tan € =0 =0



DIFFUSE GREY HIGH HEIGHT DG110

SAMPLE DG110, beta=0 tg_epsilon=0, 10% uncertainty

140,00
120,00 114,33

100,00

80,00

r value

60,00

40,00

20,00

0,00
0,00
tg epsilon

EM762 mC123 mL872 R345 mF563 mWH118 mL872 mR345



DIFFUSE BLACK LOW HEIGHT DK210

120,00

100,00

80,00

60,00

rvalue

40,00

20,00

0,00

SAMPLE DK210, beta=0 tg_epsilon=0, 10% uncertainty

EM762 mC123 mL872

64J00

0,00
tg epsilon

R345 mWF563 WHI118 MWL872 MR345

10%



DIFFUSE GREY LOW HEIGHT DG210

SAMPLE DG210, beta=0 tg_epsilon=0, 10% uncertainty

180,00
160,00

140,00

123,20

120,00
104,00

100,00

r value

80,00

60,00

40,00

20,00

0,00
0,00

tg epsilon

EM762 mC123 mLl872 WR345 MF563 WH118 WL872 WR345 10%



Conclusions

 Evenin SET A there are outliers, with discrepancies
larger than 100%, greatest difficulties are with Glossy
black sample

* Alsoin SET B there are outliers because of: single
measurement value, systematic behaviour of
laboratories

* Considering only the expected uncertainty of 10%, for
condition with very low aperture effects, the compliance
is quite good.

* For additional angular values the usage of LUMCORUN is
necessary to evaluate (and correct) aperture effects



Samples DG210 DK210
» Diffuse Grey/ Black Low height




The standard deviation of the measurements is not representative of the
measurement uncertainty and is either an under-estimation or a mis-
estimation.

— Measurement devices showed good repeatability (all participant have low standard
deviations)

— The RM design ensured also high position and alighnment repeatability.
— The under/misestimation of the uncertainty involves problems in the approach to the
definition of KCRV and consequently in degree of equivalence of the data
As some measurements are outliers, the KCRV can be established relying only
on few data. In few cases the results seem to belong to different populations:
the choice of KCRV as arithmetic mean is weak it could be of interest to
investigate the impact of considering just one laboratory as reference

Some geometrical conditions shown good data agreement among the labs,
while, in the larger part of geometries, discrepancies are relevant (in few cases
more than 100%) to support the need of deeper investigations. Suggested field
of investigations:

— Impact of geometries, apertures and acceptance area and eventually calibration and
calculation models

— Need of systematic corrections for given instruments and/or given measurement
directions



